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POLYDIOXOLANE POLYMER ELECTROLYTE

J. S. Foos and S. M. Erker

There has been much interest in an oil solid-state battery certain experiments. the film covered anode Is then withdrawn .,'

incorporating a polymer electrolyte (Pr). Polymer electrolytes of from the bulk electrolyte. Longer setting times give thicker films. -.- ,
most current Interest are composed of polyethylene or Poly- In experiments which use very thin cells, e.g.. 0.025 cm, the -
propylene oxide (PEO or PPO) and lith un salts (1-5). These polymerization continues across the entire cell and the con-
electrolytes have conductivities of -10 " S/cm at temperatures ductivity measurements are made on the PE in the synthesis cell. ,-
between SS and 85 0C.

In past work on liquid electrolytes for secondary LI EC Cells Used in PE Synthesls.-Cell I is Illustrative of the
batteries, we observed that samples of dioxolane containing LIAsT6 cells used in potentiostated initiation experiments. The cell "
appeared to spontaneously polymerize giving an optically clear eorsists of a prismatic glass container (4 cm w x I am d x 6 em
polymeric material. The expected structure of this polymer h) containing SS working and counter electrodes, and a LI reference
I(-CH CH2 OCH2 O-)n) contains the -C-C-O sequence that occurs In electrode. After polymerization, the working electrode (anode) is ..
PEO (6) and therefore might be expected to form complexes with removed from the cell and the PE can be isolated from the .
alkali metal salts. It was later observed that LIAs6F/loxolane substrate. If the cell is allowed to set for a long period of time ',,

.. solutions could be stabilized by treatment with LI. Such samples tifter initiation (e.g.. a day) and before electrode removal. then :'t
remained liquid at 70 0 C but would polymerize rapidly when exposed much of the electrolyte may become gelled even across a I cm
to air. It was proposed that the polymerization was initiated by cell. Generally films made in this manner were removed from the
oxidation which produced the carbocation initiators typically cell shortly after initiation and were -0.1 cm thick.
implicated in dioxolane polymerization (6). A recent patent relates In a second cell, Cell 1, the thickness of the film produced
that acid also is an initiator for such polymerization and that Is controlled by the thickness of the cell. This cell consists of two
treatment with base Is also stabilizing (?). heavy SS electrodes separated by a U-shaped polymer spacer,

The above observations suggest that the polymerization of typically 0.025 cm thick, that serves to define the cell thickness, '.'
the stabilized I.iAsF6/dioxolane might be initiated by electro- to insulate one electrode from the other, and to contain the liquid ,"
chemical (EC) oxidation producing the required acid and carbo- electrolyte prior to polymerization. This cell gives thin PE films ,
cation Initiators. Thus a PE might be formed in situ allowing and additionally serves as an AC conductivity cell for PE's formed
Improved interfacial contact with electrode materrIsb-The forma- In It.

"" t ion of very thin electrolyte films on electrodes, and the addition
of electrolyte to the ,ell late In assembly. Herein Is reported RESULTS AND DISCUSSION
preliminary studies of the formation and conductivity of the
polydioxolane/LiAsPF polymer electrolyte. Precursor Electrolyte Preparation.-Solutions of LIAsF6 in -

dioxolane were prepared in several concentrations 11.0-2.5 m ..
EXPERIMENTAL (molal)] with saturation at -3.3m (-2.9M) at rt. The spontaneous "

polymerization observed in earlier work was not apparent. This
The synthesis of the polymer electrolytes and cell con- may be due to the special efforts made to exclude impurities,

strueton were carried out under an Ar atmosphere. The dioxolane however, the dioxolane used was of higher quality a purchased ",
(Aldrich, gold label) was distilled from sodium benzophenone ketyl. (Aldrich gold label) than that used previously (Aldrich 99%). The .,

The UAsP6 (U.S Steel Agrichemicals) was used as received. The solutions appeared stable at rt for days (or even weeks) even after "
electrolytes were made using cooled dioxolane eontalnlng'U metal brief exposure to air. V
as an acid and carbocation scavenger. .

Some Initial AC conductivities were done using an In- Chemical Preparation of the PL-DDQ was added to 2.5m
pedance bridge (Gen Red 1650-B). Subsequently the conductivlties LiAsF0 in dioxolane giving polymerization in 2 h. Although the
were calculated from complex Impedance plots using the real polymerization was rapid, the polymer was not examined for more .'.
component values at Imaginary component minima (0). Measure- than 24 h, after which time the polymerization was essentially -
ments were made over a 50 Hz to 100 kHz range with a lock-in complete. The PE was found to be rubber-like, i.e., deforming .
amplifier (PAR 5204) using a method similar to one previously under an applied load and recovering Its original shape when the
descrwbed (). The cell consisted of two stainless steel (38) load was removed. It was difficult to cut even with a razor knife.
electrodes held in contact with the P. DC conductivities were The PB dissolved slowly In tetrahydrofuran (THF) but was aW- .,
measured between two U foil electrodes supported on metal parently insoluble In diethyl ether. When heated the PE softened
sustrates. The cell was cycled at constant current and the as heated (up to 800) but retained its rubbery nature.
conductivity calculated from the plateau voltages measured. The AC conductivities of this material, at the ambient and

elevated temperatures, are shown in Table 1. The .conductivitles
PE Synthess.-The PE was synthesized using chemical and EC increase with increasing temperature due, at least In prt, to the

decreasing viscosity of the polymer. Similar measurements wereChemical oxidation Initlation.-A trace amount of dichlorodicyano made using PE formed In a like manner from 2.4m LIAsPa in ,
benzoqulnone (DDQ) (10-20 mg) was added to 5 ml of 2.5m UAsFg dioxolane. The PE appeared softer and the conductivity values
In dioxolane. 'The solution became orange due to the DDQ but no were generally geater. An additional reaction using 1.0m UAsPS .
Immediate reaction was observed. After 2 h at rt, the solution was electrolyte gave even a softer PE and higher conduetivitles. The
polymerized. Longer times gave polymers with Increased rigidity. increase in conductivity with decrease In salt concentration may

"." EC oxidation initiation.-The general technique In to apply a result from the lowered viscosity, i.e.. molecular weight, of the
' current or voltage pulse between SS electrodes. At 3.0-3.2V (vs. polymer formed. This would imply that LIAsF' promotes poly-

Li), see Fig. I. the dioxolane Is oxidized at the anode and LI plated merizatlon and that the degree of polymerization Is dependent on
. at the cathode. This initintes the growth of polymer at the anode. t.liAsF concentration. On the other hand. dioxolane polymerizes,' The cell Is allowed to set for a measured priod of time and, In readily as a result of chemical Initiation In the absence of any sltl '.

(6). Tht the differences In viscosity may be due to other factors. P-
Olectrochermical Society Active Member such as the degree of salt omplexatlon. Polymerization may also
Key Words: polymer, electrolyte, dioxolane. battery be initiated by oxygen and heat. When this occurs, the precursor
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..electrolyte con~taining the nio~t iAA5F6 again gives the most rigid Itceresce%

and~~~~ rubr-k oye.I M. It. Armmnd. .1. M. Chatmingo and M. J. rDuclot. in "Fast fn

Table 1. AtC and DtC (Conductivities (S/cm) of T'rimser hi Soiidsi," P'. Vn'shi.ldtea Editor. p. 131i. North Hlolland,
LiAMr/DoxoIunc Soliions Polymnerized using DDQ New York (1979). t 4-

2. m. n'authicr, I,. ratex G. Vassorl, A. Blanger, M. Duvel P
Ilieoux* J. M. Chaebigno. D. Muller. P. Iligaud. M. 8. Armend%'*

Temp. 2.5m l.iA,%F6 2.Om LiAsrG I.Om LIAsFg mid 1). Derdo. J. Elictroclmcm. Soc.. 132. 1333 (1985).
rt2 a x 10 x 10 40 3. H. C. 1I. Steele. (2. E. Lagos. 11. (. Spurdcns, c. Forsyth. andly

(I x 1-6) 1 3 x 10-6) (30 x 10-6) A. 1). Foard. fSolid State Ionics, 9 & 10. 391 (1963).
400C 10 x10- 30 10- 4.A. ilooper and J. M. North, ibidT 1)0. 1161 (1983).

400  10x i6 0 Xjg- -5. II. Knutz aend S. Skarrup. ibid. 9 6f17T71 (1983).

50C 30 x 10-6 -6. R. Szymamnski. 11. K tbisa, and S. Penczek, Macromolecules. 16. 0
0 C 100 x 10-6 100 x jg4 - 7. IT.J. Eustace aend Dl. M. 0. Kao. U.S. Patent 4,416.960. Nov.

_____________________________________________22. 1983.

*D in parentheses S. P. 11. llottclbcrgha In Solid Electrolyt!es: Ceneral Principles.
Characterization, Materas Apl--rations. Ed. by P. Hage - e.

EC Preparation of The FL.-The EC oxidation of dioxolane _muTlieFiii W.VanRCool, Academic Press. N.Y., NY (1976
can be seen In Figure 1 which shows the cyclic voltammetric 157-158.
evaluation of LIAsF6/dioxolane electrolyte at its oxidative limit. 9. S. M. Cal. T. Malinski. X. Q. Lin, J. Q. Ding and K. M. KadIth,
Using a freshly polinhed electrode, the first sweep shows appreci- AnnLCe. 5 [i 18)
able currents due to the oxidation of dioxolane. However, On (hm,..... 16)
subsequent sweeps the oxidative currents are greatly diminished.
The lessened currents are, of course. due to the polymer film
protecting the bulk electrolyte from further oxidation.

in the initial preparations of the PE, the FE was formed In
a cell (Cell 1) contmioing ,liquid electrolyte In excess of the amount ~ 01
that would be incorporated Into the PE film. Polymerizations were E
typically Initiated potentiostatically. with the polymerization being
terminated by the removal Of the anode from the cell. In a typical E .

preparation, polymerization was Initiated In a 2.5m precursor 01.10.
solution by potentiostating the anode at 3.5V (vs. Li) for 15 a.
During this time, the current jumped to -30 mA and decreased tor%
2 mA. The anode was Immediately removed from the cell and was
covered with a 0.1 Cm PF film.- The film, when removed from the 0.05-
substrate, Is transparent and flexible. Similar preparations were
done using 2.Om precursor electrolyte using 3.0 and MY5 Initiation iiilsa
potentials (2.5V gave no polymerization). Al rt, these films had AC
conductivities in the range 6-8 x 100 S/eM with the DC
conductivities somewhat decreased (3 x io-4 Stem).

it seems likely that the presence of residual volatile species ____________________ t

would have a significant positive effect on conductivity. Thetar-

% fore, films similar to those above were prepared and held tinder2. 28 3. 32 34
% vacuum for I hour, the condutivities Observed were the sameasPtnil()vLirf

'The conductivities of the PE films formed sing EC F 2g. 5m Repa scan wiotng at elctod in/s
initiation are comparable In magnitude to those prepared using 25 isgdooaea 0 Vs
DDQ initiation, see Table 1, with the AC conductivities generally
larger than the Dc conductivities. The smaller values of the DC
conduetivities reflects the contribution of Li Ion transport to the
total conductivity and the re'istance at the Li/PE Interfaee. The i.-
conductivities observed are somewhat greater than those observed
for PEO and PPO polymer electrolytes (1).

improved FE films could be made using a thin cell In which _-.
the PZ hsallowed to completely fill the cell (Cell 10). Moreover,
this thin cell could then be toed as a conductivity cell as well.P
polymerizations were Initiated galvanostatically end the progress

., of the polymerization followed by monitoring the resistance (from .t-3.0
complex Impedance measurements) across the cl. The results
us ing a 0.025 cm ell are shown In Figure 2. The conductivity of%
the electrolyte drops rapidly Immediately after Initiation and W 4.
poaches a plateau at 24 h. 'The resulting film Js transparent and 3-.
elastic; and has an AC conductivity of 3 x10-9 SAeM.

Conductivity values were measured as a function of temp-
... eraturj up to 1004C. The conductivity at this temperature was I

x 101 S/em with good short term thermal stability Indicated by -.
the reproducibility of conductivities remeasured at lower tempp-
eratures, As the PE Is heated It appears to soften at 600C with ~-
melting occurring In the range 120-1 300C. At this temperature 6.
discoloration occurs. presummably due to the. thermal Instability of 06 t s 2

I LIAsV6. Time (h)

Acknolegment We wish to thank the Office of Naval Research Fig. 2. Log conductivity vs. elapsed time after Initia-
o support tfti ok Ion of polymerization of 2.5m LIAsFS in

dioxolane. (The Initial point was determined
in a separate cell.)
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